Brown rats (Rattus norvegicus) thrive in urban environments by navigating the anthro-12 pocentric environment and taking advantage of human resources and by-products. From 13 the human perspective, rats are a chronic problem that causes billions of dollars in damage 14 to agriculture, health and infrastructure. Did genetic adaptation play a role in the spread 15 of rats in cities? To approach this question, we collected whole-genome samples from 29 16 brown rats from New York City (NYC) and scanned for genetic signatures of adaptation.
82
G12 and H-scan were correlated (Spearman ρ = 0.52; p < 2.2 × 10 −16 ), and they tended Three selection statistics were used to identify signals of selection. Two of the statistics, G12 and H-scan, detect loci with low haplotype diversity (high homogeneity)-a signature of recent or ongoing selective sweeps. G12 is defined similarly to the homozygosity of multi-site genotypes (in a window of a fixed number of SNPs)-a sum of squared frequencies of multi-site genotypes-except that the two most frequent genotypes are grouped (summed and squared) together. In the illustrated example, the most common multi-site genotype is shared by rats 1,2 and 3. The second-most common genotype is only carried by one rat. H is the mean length of the maximal pairwise identity tract containing the focal SNP-where the mean is taken across all pairs in the sample. In the illustrated example, the tract is 5 SNPs-long for rats 2 and 5. Finally, F st was used to measure genetic differentiation between the NYC sample and a sample from the presumed ancestral range of brown rats in north east China. Extreme differentiation at a locus may also be indicative of selection since the populations' split. (B) Values of the three statistics along chromosome 7. G12 and H-scan peak at similar regions of the genome, suggesting that both statistics pick up on similar signals of frequent, long segregating haplotypes. Large circles denote the locations of candidates: top-scoring loci that are also less than 20kb away from protein-coding genes (names of the corresponding genes are noted). Corresponding plots for all other autosomes can be found in Supplementary File S1. (C) Functions associated with candidate genes suggest traits that may have been subject to selection in NYC rats, including diet, metabolism and locomotion.
empirical value of a statistic is a likely sample from a specified null distribution. sliding windows, and again focused on the 100 top-scoring loci genomewide (Table S3) .
114
In the Supplementary Materials we discuss the relationship between top-scoring loci of one statistic and scores in the other. In short, if a genotype homogeneity peak is due to 116 a recent selective sweeps that has occurred after the split from the ancestral population, H-scan instead of G12 are shown in Fig. S5 ).
146
A natural "positive control" that we had expected to find among candidate loci is 147 VKORC1, as previous research has pointed to selective sweeps at this locus in rodents follow- (Fig. S6) NYC rats in the genomic region surrounding VKORC1 were high) (Fig. S6) . We also detect 170 no nonsynonymous polymorphism in the gene (Fig. S7) undergone adaptive changes, given that urban rats must move through a highly artificial,
193
constructed environment that differs markedly from naturally vegetated habitats.
194
The main approach we used to identify targets of adaptation was to search for long hap- populations, and we view this topic as an important area of future research.
205
Given that urban rats are so closely associated with human city dwellers, future work to agricultural societies [68] . Today, the human urban diet contains an increasingly large 219 proportion of highly processed sugars and fats that lead to a number of public health con-220 cerns. Some of these health concerns could conceivably apply to rats as well [69, 70] . Several
221
of the candidate genes we identified, ST6GALNAC1 (G12 , Table S1 ), CHST11 and GBTG1
222
(H-scan, Table S2 ), are linked with oligosaccharide or carbohydrate metabolic processes.
223
Because rats live and feed in closer proximity to urban humans than most other mammals,
224
insights into their evolution and adaptation can directly impact humans.
225
With the increasing urbanization of our planet, the effect of human activity on animals Molly Przeworski and Nasa Sinnott-Armstrong for comments on the manuscript.
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Methods
239
Data collection
240
The NYC brown rat samples used in this study were a subset of nearly 400 rats collected with signs of ongoing rat activity. We then sampled 3-4 cm of tail tissue that was stored in 247 70 percent ethanol for downstream genetic analyses.
248
For comparison with the NYC sample, we also used a publicly-available subsample of 9 249 whole genome sequences out of 11 brown rats (European Nucleotide Archive ERP001276)
250
sampled from a 500 km 2 area around the city of Harbin, Heilongjiang Province, China.
251
This area is presumed to represent the ancestral range of R. norvegicus. This sample was 252 previously used to examine the demographic history of brown rats [22] . Sequencing, mapping, 253 variant calling and filtering were produced using a similar bioinformatic processing pipeline 254 that we used for the NYC whole-genome samples and described below.
255
Sequencing, read alignment, and variant calling
256
We sent RNAse-treated DNA extracts from 29 rat samples to the New York Genome Center 257 for whole genome resequencing on an Illumina HiSeq 2500. Rat samples were chosen to rep-258 resent the diversity of rat colonies sampled across Manhattan (Fig. 1) . The sequencing was 259 designed to achieve at least 15X coverage for each sample. After sequencing, the NY Genome were then removed using Picard toolkit, followed by base quality score recalibration and local 263 realignment around indels using GATK [72].
264
We also used GATK v3. In Fig. 4 and Fig. S5 , we examine whether top-scoring genes are enriched for any Gene On- 
